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The human cytomegalovirus (HCMV) gCIII envelope complex is composed of glycoprotein H (gH; gpUL75),
glycoprotein L (gL; gpUL115), and a third, 125-kDa protein not related to gH or gL (M. T. Huber and T.
Compton, J. Virol. 71:5391–5398, 1997; L. Li, J. A. Nelson, and W. J. Britt, J. Virol. 71:3090–3097, 1997).
Glycosidase digestion analysis demonstrated that the 125-kDa protein was a glycoprotein containing ca. 60 kDa
of N-linked oligosaccharides on a peptide backbone of 65 kDa or less. Based on these biochemical character-
istics, two HCMV open reading frames, UL74 and TRL/IRL12, were identified as candidate genes for the
125-kDa glycoprotein. To identify the gene encoding the 125-kDa glycoprotein, we purified the gCIII complex,
separated the components by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and subjected gH and
the 125-kDa glycoprotein to amino acid microsequence analysis. Microsequencing of an internal peptide
derived from purified 125-kDa glycoprotein yielded the amino acid sequence LYVGPTK. A FASTA search
revealed an exact match of this sequence to amino acids 188 to 195 of the predicted product of the candidate
gene UL74, which we have designated glycoprotein O (gO). Anti-gO antibodies reacted in immunoblots with a
protein species migrating at ca. 100 to 125 kDa in lysates of HCMV-infected cells and with 100- and 125-kDa
protein species in purified virions. Anti-gO antibodies also immunoprecipitated the gCIII complex and
recognized the 125-kDa glycoprotein component of the gCIII complex. Positional homologs of the UL74 gene
were found in other betaherpesviruses, and comparisons of the predicted products of the UL74 homolog genes
demonstrated a number of conserved biochemical features.

The envelope glycoproteins of the herpesviruses play multi-
ple critical roles in the viral life cycle, including attachment,
penetration, cell-to-cell spread, and envelopment and matura-
tion of nascent viral particles. To understand the life cycles of
these complex viruses, it is necessary to have a thorough knowl-
edge of the structures and functions of the envelope glycopro-
teins. Biochemical studies of human cytomegalovirus (HCMV)
virions revealed that the viral envelope contains at least 10
glycoproteins, many of which are organized into three predom-
inant high-molecular-weight, disulfide-bonded complexes des-
ignated gCI, gCII, and gCIII (23). Given the resolution of
earlier analyses and the large coding capacity of HCMV (9), it
is very likely that other proteins are also present in the viral
envelope. To date, however, only six virion envelope glycop-
roteins have been mapped to the viral genome: gp48 (UL4)
(8), GCR33 (UL33) (37), glycoprotein B (gB; UL55) (4, 12,
36), glycoprotein H (gH; UL75) (13, 41, 44), glycoprotein M
(gM; UL100) (1, 27, 32), and glycoprotein L (gL; UL115) (24,
28, 33, 50).

The gH-gL complexes of herpesviruses, including HCMV,
have been implicated in viral fusion events, including entry and
cell-to-cell spread (18–20, 29, 30, 38, 41, 42, 46, 47). To under-
stand the specific molecular function(s) of HCMV gH-gL, it is
necessary to define the structural organization of these glyco-
proteins as they exist in the virus. Earlier studies demonstrated
that the 240-kDa gCIII envelope complex contained the gH

and gL homologs of HCMV (13, 23, 24, 33, 41, 44). However,
coexpression of gH and gL in recombinant systems did not
reconstitute gCIII, suggesting that the gCIII complex con-
tained other gene products which were distinct from gH and gL
(24, 33). Detailed characterization of gCIII clearly demon-
strated that a 125- to 145-kDa protein was present in gCIII
from HCMV-infected cells and purified virions (23, 24, 33).
The 125-kDa protein was shown to be antigenically and struc-
turally unrelated to either gH or gL, explaining the lack of
gCIII reconstitution by coexpression of gH and gL and sug-
gesting that a third HCMV gene product was contained in the
complex (24, 33).

In this study, we report that the 125-kDa protein is encoded
by the HCMV UL74 gene. The biochemical features of the
125-kDa protein revealed it was a glycoprotein and suggested
the UL74 open reading frame (ORF) as a possible candidate
gene. Amino acid microsequencing of the purified 125-kDa
glycoprotein confirmed that this glycoprotein was the product
of the UL74 gene. Additionally, an anti-UL74 antibody immu-
noprecipitated the 240-kDa gCIII complex and specifically rec-
ognized the 125-kDa glycoprotein component of gCIII. To-
gether, these data corroborate that the HCMV UL74 gene
product, which we have designated glycoprotein O (gO), is the
third glycoprotein component of the gCIII complex. Interest-
ingly, the HCMV gO gene has positional homologs in the
betaherpesvirus subfamily, and a comparison of the predicted
products of the gO homolog genes revealed a number of
shared biochemical features.

MATERIALS AND METHODS

Cells, viruses, and antibodies. Immortalized fibroblast (IF) cells were cultured
as previously described (10). The AD169 strain of HCMV was grown and titered
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as previously described (10). Gradient-purified virions were isolated as previ-
ously described (11). Monoclonal antibodies 14-4b (5) and AP865 (51), gener-
ously supplied by W. Britt, and polyclonal antibody 26388, kindly provided by A.
Minson, were described previously (24).

Immunoblotting and immunoprecipitations. Immunoblotting and immuno-
precipitations were performed essentially as previously described (24). In brief,
proteins were resolved by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) (with or without reducing agents) and electrotransferred
to nitrocellulose (Millipore) for immunoblotting. Primary antibodies were de-
tected with horseradish peroxidase (HRP)-conjugated goat anti-mouse or anti-
rabbit antibodies (Pierce). Renaissance Western blot chemiluminesence reagent
(NEN) was used to detect the peroxidase conjugates. For immunoprecipitations,
IF cells were radiolabeled with 50 mCi of [35S]methionine-cysteine (NEN)/ml for
16 h. Radioimmunoprecipitation assay (RIPA) (24) cell lysates were precleared
with protein G (formalin-killed cell suspension; Sigma) and supplemented with
0.5% bovine serum albumin. The precipitating antibody was added to the lysates,
and antibody-antigen complex was recovered with immobilized protein A
(Pierce). The protein A pellets were washed extensively with RIPA lysis buffer
and resuspended in SDS-PAGE sample buffer (with or without reducing agents)
in preparation for SDS-PAGE. Resultant gels were dried and imaged via a
GS-525 Molecular Imager (Bio-Rad).

N-Glycosidase F digestion of biotinylated proteins. IF cells were infected with
HCMV at a multiplicity of infection (MOI) of 3. At 4 days postinfection, infected
cell monolayers were washed with PBS-MC (phosphate-buffered saline [PBS]
supplemented with 1 mM MgCl2 and 0.1 mM CaCl2). EZ-link sulfo-NHS-LC
biotin (Pierce) in PBS-MC (2 mg/ml) was added to the cells, which were then
incubated at 37°C for 1 h. The biotin solution was removed, and the cells were
washed extensively with PBS-MC. To quench the biotinylation reaction, 10 mM
glycine in PBS-MC was added to the cells for 10 min at 37°C. The glycine solution
was removed, and the cells were washed extensively with PBS-MC. N-Glycosi-
dase F (Boehringer Mannheim) digestions were performed as instructed by the
manufacturer. Briefly, immunoprecipitated proteins recovered by immobilized
protein A were heated at 95°C for 3 min in a PBS solution containing 0.45% SDS
and 90 mM b-mercaptoethanol. After centrifugation to remove the immobilized
protein A, the denatured protein solution was diluted twofold with PBS and
made 50 mM in EDTA and 1% in Nonidet P-40. Samples were digested with 10
U of N-glycosidase F for 16 h at 37°C. An additional 3 U of N-glycosidase F was
added, and the digestions were incubated for an additional 2 h.

Isolation of 125-kDa protein from immunoaffinity-purified gCIII complex.
Seven milligrams of antibody 14-4b (5) was coupled to 1 ml of CNBr-activated
Sepharose 4B (Pharmacia Biotech) as instructed by the manufacturer. One
hundred T150 tissue culture flasks containing near-confluent cultures of IF cells
were infected with HCMV AD169 at an MOI of approximately 3. At 5 days
postinfection, the infected cells were recovered, pelleted, and resuspended in
RIPA buffer supplemented with a protease inhibitor cocktail (PIC) (24) and 10
mM iodoacetamide for 30 min on ice; insoluble material was removed by cen-
trifugation at 43,000 3 g. The clarified lysate was applied to the 14-4b column
and circulated continuously for 16 h by a peristaltic pump. The column was
washed with 30 column volumes of RIPA-PIC-iodoacetamide. Bound protein
was eluted by 100 mM glycine (pH 2.5) in RIPA-PIC-iodoacetamide containing
1/10 the amount of detergents and immediately neutralized by adding a 1/10
volume of 1 M Tris (pH 8.5). Fractions containing the gCIII complex (as judged
by analytical nonreducing SDS-PAGE) were pooled, concentrated with Centri-
con filters (Amicon), and subjected to nonreducing SDS-PAGE (6% gel). To
minimize the incidence of oxidants and free radicals, which may block the N
termini of proteins, all preparative acrylamide gels were allowed to polymerize
for 24 h before use, and 0.1 mM thioglycolate (Sigma) was added to the cathode
running buffer of these preparative gels. The region of the gel containing the
gCIII complex was excised and inserted into the well of a 10% acrylamide gel.
This gel slice was subjected to a secondary reducing SDS-PAGE as described
previously (24). The resultant gel was electrotransferred to Immobilon-Psq (Mil-
lipore) in 25 mM N-ethylmorpholine (pH to 8.3 with formic acid)–10% metha-
nol. Transferred proteins were visualized on the membrane by staining with 0.1%
amido black (Sigma) in 40% methanol–10% acetic acid followed by extensive
washes in double-distilled H2O. The membrane was then dried, and appropriate
sections were excised for N-terminal and internal microsequence analysis at the
Protein/DNA Technology Center of Rockefeller University (16, 17).

Production of a UL74-specific polyclonal serum. A portion of the HCMV
UL74 gene (corresponding to the codons for amino acids 32 to 466) was ampli-
fied by PCR with Pfu polymerase (Stratagene) from HCMV AD169 DNA,
prepared as described previously (24). The UL74 PCR product was cloned into
plasmid pET28a (Novagen), which placed the UL74 gene downstream of the
coding sequence for a six-histidine tag. pET28a-UL74 was transformed into
Escherichia coli BL21(DE3), and production of recombinant UL74-His protein
was induced by the addition of 1 mM isopropyl-b-D-thiogalactopyranoside for
2 h. The insoluble inclusion bodies, containing the recombinant UL74-His pro-
tein, were solubilized in 6 M urea and purified by Ni chelate chromatography as
instructed by the manufacturer (Novagen). Purified UL74-His protein was in-
jected into a New Zealand White rabbit for production of an anti-UL74 poly-
clonal serum.

Computer analyses of protein sequences. Peptidesort and GAP analyses of
protein sequences were performed with the Genetics Computer Group (GCG)
programs (GCG, Oxford Molecular Group, Inc., Madison, Wis.) (15).

RESULTS

Identification of candidate genes encoding the 125-kDa
component of gCIII. Previously we determined that the 125-
kDa protein was antigenically distinct from gH and gL and was
likely the product of an HCMV gene (24). The diffuse banding
pattern of the 125-kDa protein in SDS-PAGE suggested that it
was a glycoprotein. To confirm this hypothesis and facilitate
genetic identification of the 125-kDa protein, we performed
glycosidase digestion of the 125-kDa protein. To this end,
biotinylated gCIII complex was immunoprecipitated and di-
gested with N-glycosidase F to remove both high-mannose and
complex asparagine (N)-linked oligosaccharides. When the
blots were probed with streptavidin-HRP to detect all biotin-
ylated proteins, we detected in undigested immunoprecipitates
from infected cells two protein species of 125 and 90 kDa,
which represent the 125-kDa protein and gH, respectively (Fig.
1A). N-Glycosidase F-digested proteins revealed two protein
species of 65 and 84 kDa which likely correspond to deglyco-
sylated forms of the 125-kDa protein and gH. To confirm that
the 90- and 84-kDa protein species were gH, the blot in Fig. 1A
was stripped and probed with a gH-specific antibody (Fig. 1B).
Thus, the 65-kDa protein species represents 125-kDa protein
lacking N-linked chains (the presence of other posttransla-
tional modifications, such as O-linked oligosaccharides, was
not assessed), confirming, as suggested by its banding pattern,
that it is a glycoprotein containing approximately 60 kDa of
N-linked glycosylation on a peptide backbone of 65 kDa or
less. This biochemical profile is similar to that found by Li et
al., who showed that the 125-kDa protein contained both sim-
ple and complex N-linked sugars with a core protein size of
approximately 64 kDa (33). Estimating that a single N-linked
oligosaccharide chain adds between 2 and 4 kDa to the mass of
a protein, this analysis suggested that the gene encoding the
125-kDa glycoprotein would contain 15 to 30 N-linked glyco-
sylation sites, with a primary sequence of ca. 590 amino acids
or less. Examination of the HCMV genome revealed only two
ORFs matching these characteristics. The UL74 gene predicts
a protein of 466 amino acids and 18 potential N-linked glyco-
sylation sites, and the TRL/IRL12 gene predicts a protein of
416 amino acids and 23 potential N-linked glycosylation sites.
Both genes were cloned and expressed as recombinant pro-

FIG. 1. N-Glycosidase digestion of the 125-kDa protein. Mock-infected and
HCMV-infected IF cells were surface biotinylated and immunoprecipitated with
antibody 14-4b. Immunoprecipitated proteins were incubated overnight in the
presence or absence of N-glycosidase, subjected to reducing SDS-PAGE, and
electroblotted to nitrocellulose. (A) The immunoblot was probed with strepta-
vidin-HRP for detection of biotinylated proteins. (B) The blot in panel A was
stripped and reprobed with an anti-gH antibody followed by an HRP-conjugated
goat anti-mouse antibody. HC, immunoglobulin heavy chain of the immunopre-
cipitating antibody.
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teins for use as antigens for the production of UL74 (this
report) and TRL/IRL12-specific antibodies (data not shown).

Purification and microsequencing of the 125-kDa glycopro-
tein. To obtain isolated 125-kDa glycoprotein, the gCIII com-
plex was purified from HCMV-infected fibroblasts by mono-
clonal antibody affinity chromatography. The gCIII complex
eluted from the column was excised from the gel after nonre-
ducing SDS-PAGE, subjected to a second reducing SDS-
PAGE, and then transferred to an Immobilon membrane in
preparation for microsequence analysis. This procedure re-
sulted in purification and separation of the three complex
components (data not shown). To ensure that we had isolated
the gCIII complex and that our purification methodology was
not inherently detrimental to subsequent microsequence anal-
ysis, the portion of the membrane containing the protein cor-
responding to gH was initially subjected to N-terminal micro-
sequencing (17). Microsequencing of this sample yielded the
amino acid sequence XXEALDPHAFHLLLN, which corre-
sponds to amino acids 32 (E) to 44 (N) of gH. This sequence
is ca. 14 amino acids downstream of the NH3 terminus pre-
dicted after cleavage of the proposed signal peptide (amino
acids 1 to 18) (13). This result suggests that the actual signal
peptide is longer than predicted or that the N terminus of gH
is proteolytically processed posttranslationally. Similar analysis
of the 125-kDa glycoprotein indicated that it was N-terminally
blocked. To microsequence an internally derived peptide, the
125-kDa glycoprotein was digested with endoproteinase Lys-C
and the resultant peptides were purified by high-pressure liq-
uid chromatography (16). Sequence from a single purified pep-
tide yielded the unambiguous amino acid sequence LYVG
PTK. A FASTA database search with this peptide sequence
revealed an exact match to amino acids 189 to 195 of the
predicted product of the HCMV UL74 gene (9) (Fig. 2B), one
of the candidate genes identified by glycosidase analysis of the
125-kDa glycoprotein.

Predicted features of the HCMV UL74 gene product. The
UL74 gene encodes a 466-amino-acid protein with a calculated
polypeptide backbone of 54.2 kDa (Fig. 2a). Kyte-Doolittle

hydropathy analysis (31) (Fig. 2B) revealed a hydrophobic se-
quence near the N terminus (amino acids 14 to 30) that may
serve as a signal sequence. No other significant hydrophobic
sequences that could potentially act as membrane-spanning
domains were detected. Thus, the UL74 glycoprotein either is
soluble and membrane associated via its interaction with gH or
is a type II transmembrane protein since the hydrophobic
domain is inset 14 amino acids from the initiator methionine.
These possibilities are under investigation. The primary amino
acid sequence contains 18 potential N-linked glycosylation
sites. There are two additional potential N-linked glycosylation
sites within the UL74 primary sequence, but these are followed
by proline residues and thus cannot serve as sites of oligosac-
charide addition (3). There is also a clustering of serine and
threonine residues between amino acids 271 and 337, suggest-
ing potential O-linked glycosylation. The UL74 gene product is
predicted to be a basic protein, based on an isoelectric point of
10.3, calculated by Peptidesort in the GCG package (15). In-
terestingly, a number of the basic lysine and arginine residues
present in the UL74 sequence are concentrated into two
stretches of amino acids (between residues 245 and 270) which
are similar to consensus heparin-binding sequences (6) (Fig.
2B). The UL74 sequence also contains six cysteine residues
(one is in the predicted hydrophobic sequence) which are likely
important for disulfide bonding. Five of the six cysteine resi-
dues reside in the N-terminal half of the sequence.

A nomenclature for HCMV gene products was established
in 1993 (49). Genes encoding glycoproteins are given a “gp”
designation along with the corresponding ORF; thus, the
UL74 gene product would be designated gpUL74. To maintain
consistency with the naming of other herpesvirus envelope
glycoproteins, we chose to also designate the protein with a “g”
preceding a capital letter. Since the last herpesvirus glycopro-
tein to be named was gN (2, 26), we have designated the UL74
glycoprotein as glycoprotein O (gO).

Characterization of gO in HCMV-infected IF cells. Antibod-
ies produced to a recombinant form of UL74 (gO) were ana-
lyzed in immunoblot analysis of HCMV-infected cell lysates
(Fig. 3A). The gO antibody specifically reacted with a protein
species migrating broadly between 100 and 125 kDa; this spe-
cies apparently comprises several constituents that may be
attributable to processing intermediates or alternates. Pulse-

FIG. 2. (A) Amino acid sequence of the predicted product of the HCMV
UL74 gene. The sequence matching the internal peptide sequence derived from
the 125-kDa glycoprotein is boxed in black. The hydrophobic domain is boxed,
and potential N-linked glycosylation sites are underlined. The two potential
heparin-binding sequences are underlined with a dashed line. Numbers on the
right denote amino acid residues. (B) Kyte-Doolittle hydropathy analysis of the
UL74 amino acid sequence. Areas above and below the line denote hydrophilic
and hydrophobic domains, respectively. The scale above the line graph indicates
the amino acid residue.

FIG. 3. Time course of expression of gO, gH, and gL. IF cells were infected
with HCMV (MOI of 3) or mock infected and then lysed at 24-h intervals
postinfection as indicated above the lanes. Lysates were resolved by reducing
SDS-PAGE and electrotransferred, and the blots were reacted with anti-gO
antibody (A), anti-gH antibody AP865 (B) or anti-gL antibody 26388 (C).
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chase experiments are required to determine the relationships
between the various forms (25). The gO-immunoreactive spe-
cies first became apparent at 48 h postinfection and reached
maximum levels at between 72 and 96 h postinfection (Fig.
3A). Additionally, the other gCIII glycoprotein components,
gH and gL, were expressed with similar kinetics as gO (Fig. 3B
and C). This time course of expression of gO, gH, and gL is
consistent with the expression of viral structural proteins,
which are usually expressed at maximum levels at late times
during infection.

gO is present in purified HCMV virions. Since the 125-kDa
glycoprotein is part of the mature gCIII complex found in
virions, gO is predicted to be present in purified, banded viral
particles. The presence of gO in the mature viral particle was
verified by immunoblotting purified HCMV virions with the
gO antibody. Figure 4 shows that the gO antibody was specif-
ically reactive with a 125-kDa species which is consistent in size
and migration pattern with the 125-kDa glycoprotein compo-
nent of gCIII. The gO antibody also reacted with an approxi-
mately 100-kDa species, which is similar in size to the 100-kDa
form of gO present in infected cells (25). This result suggests
that alternatively processed forms of gO may be present in
mature virions; experiments to examine this possibility are
under way.

The gO antibody immunoprecipitates the 240-kDa gCIII
complex and recognizes the 125-kDa glycoprotein component
of gCIII. To confirm that gO was the 125-kDa third component
of the gCIII complex, the gO antibody was used in immuno-
precipitations of lysates of radiolabeled HCMV-infected IF
cells. As shown in Fig. 5A, the gO antibody immunoprecipi-
tated a 240-kDa species which comigrates with the authentic
gCIII complex (24). To verify that the 240-kDa species immu-
noprecipitated by the gO antibody is the gCIII complex, the
section of the dried gel containing the 240-kDa species was
excised, reduced, and subjected to a subsequent SDS-PAGE;
as a control, the 240-kDa gCIII complex immunoprecipitated
by antibody 14-4b was also excised and reduced. Figure 5B
shows that reduction of the 240-kDa species immunoprecipi-
tated by the gO antibody yielded three proteins, one of ap-
proximately 125 kDa, one of 90 kDa, and a doublet at approx-
imately 36 kDa, which represent gO, gH, and gL, respectively.
An identical profile was seen upon reduction of the gCIII
complex immunoprecipitated by antibody 14-4b (Fig. 5B). As
further confirmation that the 125-kDa glycoprotein repre-
sented gO, duplicates of the excised and reduced samples from
Fig. 5B were immunoblotted with either the gO antibody or a
gH antibody. Figure 5C shows that the 125-kDa glycoprotein
derived from either immunoprecipitate was detected with the
gO antibody. Similarly, the 90-kDa gH protein was detected
with the anti-gH antibodies from both immunoprecipitates.

These data prove that the 125-kDa glycoprotein present in the
gCIII envelope complex, which we have designated gO, is
encoded by the UL74 gene.

The HCMV gO gene has positional homologs in other beta-
herpesviruses. We examined the genomes of other herpesvi-
ruses for homologs of the HCMV UL74 gene. Interestingly,
the UL74 gene is positioned within the HCMV genome be-
tween two blocks of genes which are conserved in all herpes-
viruses (9, 39) (Fig. 6A). The conserved gene block upstream
of the UL74 gene includes the UL69 to UL73 (gN homolog)
ORFs, and the conserved gene block downstream of the UL74
gene includes the UL75 (gH) to UL79 ORFs (9, 39) (Fig. 6A).
Examination of the genomes of closely related betaherpesvi-
ruses, including murine cytomegalovirus (MCMV) (45), hu-
man herpesvirus 6A (HHV-6A) (21, 22), HHV-6B (14, 35),
and HHV-7 (40), revealed the same organization of genes as in
HCMV, with a gO positional homolog gene flanked by the gN
gene block and the gH gene block (Fig. 6B). In the alphaher-
pesviruses herpes simplex virus type 1 and varicella-zoster vi-
rus, and in the gammaherpesviruses Epstein-Barr virus (EBV)
and HHV-8, the genomic organization of the two conserved
blocks of genes is divergent from that in HCMV (9, 39, 48). If
gO positional homolog genes exist in these four herpesviruses,
the gO homolog gene should be found contiguous with either
the gH gene or the gN homolog gene. However, none of the
genes contiguous to the gH and gN genes in these four her-
pesviruses encodes for a heavily glycosylated protein with an
N-terminal signal sequence and predicted basic isoelectric
point (data not shown). Thus, there do not appear to be gO
positional homolog genes within the alpha- or gammaherpes-
viruses, although these herpesviruses may encode glycopro-
teins which are analogous to gO in either structure or function.
Indeed, it has been well established that the EBV BZLF2 gene
(not a positional homolog of the HCMV UL74 gene) encodes
a glycoprotein, gp42, which is the third component of the EBV
gH-gL complex (34).

Analyses of the amino acid sequences of the HHV-6A,

FIG. 4. Immunoblots of purified HCMV virions. Gradient-purified virions
were lysed in reducing SDS-PAGE sample buffer, resolved by SDS-PAGE, and
electrotransferred to nitrocellulose. The blots was probed with either preimmune
serum (as a control) or anti-gO antibody (ab).

FIG. 5. Immunoprecipitation of the gCIII complex by the gO antibody.
HCMV-infected cells were metabolically labeled with [35S]Met-Cys, lysed, and
immunoprecipitated with either the anti-gO antibody or anti-gH/gCIII antibody
14-4b. (A) The proteins immunoprecipitated with the indicated antibodies were
resolved by nonreducing SDS-PAGE. (B) The ;240-kDa species precipitated by
either the anti-gO or anti-gH immunoprecipitation was excised from the dried
gel, reduced, and resolved by a second reducing SDS-PAGE. (C) Duplicates of
the gel in panel B were electrotransferred to nitrocellulose and probed with the
anti-gO antibody or anti-gH antibody AP865.
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HHV-6B, HHV-7, and MCMV gO positional homolog genes
indicated, on average, 40% similarity and 20% identity at the
amino acid level to HCMV gO, analyzed by GAP in the GCG
package (15) (Table 1). This relatively low level of identity is
not surprising, since low amino acid identity is often seen
between herpesvirus glycoprotein homologs. For instance,
HCMV gH and HCMV gL have approximately 27 and 28%
amino acid identity, respectively, with the other betaherpesvi-
rus gH and gL homologs, as determined by GAP analysis (15)
(data not shown). Alignment analyses of the gO homolog
amino acid sequences to determine regions of similarity did
not reveal any obvious conserved domains (data not shown).
However, the predicted products of the gO positional homolog
genes do share a number of biochemical features (Table 1).
The gO homologs are predicted to be heavily glycosylated
proteins, containing between 7 and 23 potential N-linked gly-
cosylation sites (Table 1). The gO homolog amino acid se-
quences also contain clusters of serine and threonine residues,
suggesting potential O-linked glycosylation, and five to six cys-
teine residues that reside almost exclusively in the N-terminal
half of the predicted proteins (data not shown). Also, the gO
homologs appear to be basic proteins, having calculated iso-
electric points of approximately 10 as estimated by Peptidesort
in the GCG package (15) (Table 1).

DISCUSSION

In this communication, we have reported the genetic identity
of a 125-kDa HCMV envelope glycoprotein which associates
with gH and gL to form the viral gCIII envelope complex.
Through multiple lines of evidence, we have demonstrated that
this 125-kDa glycoprotein component is the product of the
HCMV UL74 gene. First, biochemical characterization of the
125-kDa glycoprotein suggested the HCMV UL74 gene as a
potential gene candidate. Second, amino acid microsequence
of a peptide derived from the purified 125-kDa glycoprotein
matched a sequence within the predicted product of the UL74
gene. Third, antibodies specific for UL74 immunoprecipitated
the gCIII complex and recognized the 125-kDa glycoprotein
component of gCIII. We have designated the HCMV UL74
glycoprotein as gO, consistent with the nomenclature estab-
lished for herpesvirus glycoproteins.

The finding that the HCMV gO gene has positional ho-
mologs that share predicted biochemical features suggests that
other herpesviruses will be found to contain a third glycopro-
tein component in their respective gH-gL complexes. Interest-
ingly, these gO positional homologs appear to present only in
other betaherpesviruses, suggesting that the gO homologs rep-
resent the first-described betaherpesvirus-specific envelope

FIG. 6. Schematic representation of betaherpesvirus genomes showing positional homology of the gO genes. Open boxes represent terminal and internal repeat
regions of the genomes; striped boxes represent the conserved block of genes including the gN homolog; black boxes represent the gO gene; hatched boxes represent
the conserved block of genes including the gH gene. (A) HCMV genome; (B) MCMV, HHV-6A, HHV-6B, and HHV-7 genomes.

TABLE 1. Characteristics of predicted products of gO positional homolog genes

Virus Gene
designation

No. of
amino acids

No. of
NXT/S sites pIa No. of cysteine

residues

% amino acid similarityb/
% amino acid identityb

to HCMV UL74

HCMV UL74 466 18 10.3 6 NAc

HHV-6A U47 651 18 10.3 5 39.1/19.4
HHV-6B KA8L 738 23 9.4 5 36.1/19.4
HHV-7 U47 313 11 10.3 6 42.7/22.5
MCMV m74 438 7 9.8 6 43.4/22.0

a Determined by PeptideStructure (GCG).
b Determined by GAP (GCG).
c NA, not applicable.
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glycoprotein homologs. It remains to be determined if the
alphaherpesviruses encode a protein that is analogous to gO.
However, it has been well established that the EBV glycopro-
tein gp42 is a third component of the EBV gH-gL complex
(34). Comparisons of gp42 with gO do not reveal any obvious
similarities. gp42 is much smaller (42 versus 125 kDa) and
contains considerably less carbohydrate (10 kDa of N-linked
glycosylation versus at least 60), and it does not require disul-
fide bonding for association with EBV gH and gL (34). Exam-
ination of the gp42 amino acid sequence does not reveal it to
be a basic protein (calculated isoelectric point of 8.6 [data not
shown]). The only apparent biochemical similarity between
gp42 and gO is that both are predicted to be type II transmem-
brane proteins (34). Most likely, comparisons of the functions
of gp42 and gO will indicate the true relatedness of these two
glycoproteins.

What role(s) does gO play in HCMV infection? Since no
molecular functions have been assigned to gO, we can only
speculate on the potential functionality(s) of gO. Due to the
association of gO with the gH-gL complex, a crucial participant
in the viral fusion machinery (29, 30, 41), one obvious function
of gO could be to facilitate entry and/or cell-to-cell spread of
infection. In particular, gO may be required strictly for entry
into certain specialized cell types. HCMV has been found in
association with a number of diverse cell types in vivo, and it is
likely that the virus can employ different modes of entry to gain
access into these divergent cell types. Such a role for gO would
mirror the functionality of EBV gp42, which has been shown to
be required for entry of virus into one permissive cell type (B
cells) but not the other permissive cell type (epithelial cells)
(34, 52). Alternatively, demonstration that gO has heparin-
binding capabilities, as predicted by primary sequence analysis,
could imply a role in attachment or stabilization of virus prior
to fusion. Efforts are under way to assay the specific molecular
functions of gO and of the gH-gO-gL complex in HCMV
infection.

This study highlights an important limitation in HCMV re-
search. There are 57 potential glycoproteins in the commonly
used laboratory strain AD169 (9) and as many as 70 glycopro-
tein ORFs in clinical isolates (7). This unparalleled glycopro-
tein-coding capacity supports the hypothesis that HCMV has
the potential for functional compensation and functional re-
dundancy, a phenomenon documented for herpesvirus enve-
lope proteins, but implies that HCMV also has the capability
for specialized functional roles tailored to replication and
pathogenic features in the biology of HCMV infection. It is
noteworthy, therefore, that few gene products are character-
ized with respect to biosynthesis within infected cells and in-
corporation into the virion. In conjunction with an unknown
number of individual glycoproteins, there are three major dis-
ulfide-linked envelope complexes, each with implicated func-
tional roles in entry and spread of infection. Prior to this
report, only the gCI complex, which contains a dimer of gB in
association with cellular annexin II (4, 23, 43), was structurally
and genetically defined. Here we report a completed genetic
composition of gCIII. The gCII complex, which has a sug-
gested role in heparin binding, has at least three protein com-
ponents, only one of which is mapped to the viral genome (1,
27, 32). Thus, before the mechanism of viral entry and spread
can be fully elucidated, whether in model, permissive fibro-
blasts or in biologically targeted cell types such as monocytes/
macrophages, endothelial cells, and epithelial cells, the com-
position of the envelope must be defined and the genes
encoding the proteins must be identified.
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